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Abstrat
We study the non-loal regularization for the ase of a sponta-
neously broken abelian gauge theory in the Rξ−gauge with an arbi-
trary gauge parameter ξ. We onsider a simple abelian-Higgs model
with hiral ouplings as an example. We show that if we apply the
nonloal regularization proedure [to onstrut a nonloal theory with
FINITE mass parameter ℄ to the spontaneously broken Rξ−gauge La-
grangian, using the quadrati forms as appearing in this Lagrangian,
we nd that a physial observable in this model, an analogue of the
muon anomalous magneti moment ,evaluated to order O [g
2] does
indeed show ξ− dependene.We then apply the modied form of non-
loal regularization that was reently advaned and studied for the
unbroken non-abelian gauge theories and disuss the resulting WT
identities and ξ−independene of the S-matrix elements.
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1 INTRODUCTION
The Standard Model [SM℄ is a renormalizable loal quantum eld theory [QFT℄
with a loal gauge invariane [1℄. Calulations in the SM require the use of a reg-
ularization that respets its loal gauge invariane.There are various shemes of
regularization appropriate for nonabelian gauge theories: the dimensional reg-
ularization [DR℄ ,and also a ombination of Pauli-Villars and higher derivatives
were employed in the early gauge theory literature [2℄. However, most attempts
to go beyond standard model involve supersymmetry for whih a regularization
so eient as the DR annot be employed.New regularizations have been pro-
posed in the last deade that an be employed in supersymmetri eld theories
and these are nonloal regularization [3,4,5,6,7℄ and dierential regularization
.For a omparative statement regarding the benets of the nonloal regulariza-
tion vis-a-vis other regularizations,the reader is referred to the Introdution of
Ref.[6℄ and to Ref.5 In this work, we study nonloal regularization further in
some of its aspets.
Nonloal regularization proposed by Moat [3℄ and Evans et al [4℄ and given
an elegant formulation by Kleppe and Woodard [5,6℄ has been studied exten-
sively sine [7,8℄. Renormalization proedure has been established upto two
loop order[5℄ in salar theories.In Ref.[6℄,it has been shown how the nonloally
regularized eld theory an be onstruted from a loal QFT in a systemati
fashion. More importantly, it has been established there that the loal/global
symmetries an be preserved in their nonloal form and the WT identities of
loal QFT's derivable from loal symmetries suh as gauge invariane/BRS sym-
metry nd their natural nonloal extensions. This has been done for the abelian
gauge theories to all orders [2,6℄ and for nonabelian gauge theories in Feynman
gauge [6℄ upto one loop order [limited,in partiular, by the existene of mea-
sure beyond one loop℄.The nonloal theories have also found appliations in the
2
learer understanding of the renormalization program[14℄.
As mentioned earlier, we shall study a further aspet of non-loal regular-
ization whih we shall now elaborate on.In the work of Ref. [6℄,a proedure for
nonloalization of loal Lagrangians was presented. It was further applied to
the nonloalization of the nonabelian gauge theories and to the preservation of
its BRS symmetry in a nonloal form for the Feynman gauge.It was emphasized
that the nonloal theories with a nite Λ an themselves be looked upon as phys-
ial theories [3,6,11℄. The signiane of this view-point has been elaborated in
ref.9 to whih the reader is referred to for more details. We shall work in the
ontext of these. In the Ref. [9℄, whih we shall refer to as I heneforth,we stud-
ied nonloal regularization of pure nonabelian unbroken gauge theories with an
arbitrary gauge parameter ξ . For an arbitrary ξ, we established the neessity of
a modied treatment for onstruting the nonloal Lagrangian, as ompared to
that given in [6℄ for the Feynman gauge. We ,then, gave a way to regularize the
nonabelian gauge theory for an arbitrary ξ and established the WT-identities
that would imply the ξ-independene of the observables for this theory.Now,
the SM alulations are alulations in a spontaneously broken gauge theory
and that is what is relevant in atual alulations of S-matrix elements. Also,
in an unbroken theory, the S-matrix elements may not exist due to infrared
divergenes and it is harder to test the ξ-independene there. In view of these
fats ,therefore, we wish to study in this work, the nonloal regularization in a
spontaneously broken model and for an arbitrary ξ,. Apart from its relevane as
mentioned above, we nd we have a few other motivations. In a spontaneously
broken abelian-Higgs model with hiral ouplings to be introdued in Se.3 [
whih in many ways mimis the GWS model, yet is simpler to deal with℄, we
expliitly perform, in this work,the alulation of a simple 1-loop observable:
the analogue of the g-2 for the muon in the model with an arbitrary ξ and nd a
3
ξ-dependent result. An analogous alulation was done earlier by G. Saini and
one of us [10℄ in the ontext of an atual SM alulation [11℄ and we had found a
ξ-dependent result there. The above model of Se.3 is studied here to expliitly
bring out this in a muh simpler model with essentially those features that lead
to this ξ-dependene: viz. spontaneously broken model with hiral ouplings.
With this motivation in mind,we study the appliation of the modied way of
nonloal regularization proposed and formulated in unbroken pure Yang-Mills
theories to the spontaneously broken theory in I, and study the WT-identities
in the theory and the ξ-independene of the resulting Green's funtions.
We now present the plan of the paper. In Setion two, we present the ear-
lier results, viz.:(a) the results in the Ref. 6 on the nonloalization of a loal
theory that in partiular,preserves the loal BRS invariane of the theory in
the Feynman gauge,(b) some of the essential results on the nonloalization pro-
edure, and () the onlusions of I regarding the need to modify the general
proedure outlined in [6℄ while dealing with a general ξ and also with alula-
tions in the Feynman gauge in higher loops. In setion three, we introdue the
abelian- Higgs model with the hiral ouplings for an arbitrary ξ and introdue
nonloalization of the Rξ- gauge loal Lagrangian following the proedure of
the Ref.6. In setion four, we evaluate the analogue of the 1-loop ontribution
to the (g-2) of the muon in this model with a nite mass sale and show that
it exhibits ξ-independene.In setion 5 we study the appliation of the modi-
ed regularization used in I and study the WT-identity.We evaluate
∂W
∂ξ and
simplify the result using the WT-identities. In setion 6, we then disuss the
ξ−independene of the S-matrix elements.
2 PRELIMINARIES
In this setion, we shall introdue the notations and review the earlier results on
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the non-loal regularization of referene 6 and of I. For brevity , we rely heavily
on I , to whih the reader is often referred to for any further details.
(A) NON-LOCAL REGULARIZATION:
We shall, very briey, review the essential properties of the non-loal regu-
larization.We keep the introdution to bare essentials; referring the reader to I
for a more detailed introdution.
We write the loal ation for a eld theory ,in terms of a generi eld φ, as
the sum of the quadrati and the interation part:
S[φ]=F[φ]+I[φ] (2.1)
and the quadrati piee is expressed as
F[φ]=
∫
d
4x φi(x)ℑijφj(x) (2.2)
We dene the regularized ation in terms of the smeared eld φ̂ ,dened in
terms of the kineti energy operator ℑij as,
φ̂ = ε−1φ (2.3)
with ε= exp {ℑ /Λ2}.The nonloally regularized ation is onstruted by
rst introduing an auxiliary ation S[φ, ψ].It is given by
S[φ, ψ]= F[φ̂℄ -A[ψ]+ I [φ+ψ] (2.4)
where ψis alled a shadow eld with an ation
A[ψ]=
∫
d
4x ψiO
−1
ij ψj (2.5)
with O dened by
O = [ε
2−1
ℑ ℄ (2.5a)
The ation of the non-loal theory is dened as
Ŝ [φ]= S[φ, ψ]‖ψ=ψ[φ] (2.6)
where ψ[φ℄ if the solution of the lassial equation
0=
δS
δψ (2.7)
The nonloalized Feynman rules are simple extensions of the loal ones. The
verties are unhanged but every leg an onnet either to a smeared propagator
5
iε2
ℑ+iǫ=-i
∫
1
∞ dτ
Λ2exp{ ℑτΛ2} (2.8)
or to a shadow propagator [a line rossed by a bar℄
i[1−ε2]
ℑ+iǫ =-iO =-i
∫ 1
0
dτ
Λ2exp{ ℑτΛ2} (2.9)
A set of detailed omments on the Feynman rules and the diagrams that need
to be onsidered are found in I.We only need to remember that in a Feynman
diagram, the internal lines an be either shadow or smeared lines with the
exeption that no diagrams with losed shadow loops are ounted.
A number of theorems that nally relate to the onstrution of the nonloal
symmetry transformations of the nonloal theory given the loal ones for the
loal theory are established in [6℄ and are found enumerated in I. We only reall
that related to the nonloal BRS symmetry.
Theorem B.3:[We stik to the theorem numbering of [6℄ ℄. If S{[φ℄} is invari-
ant under δφi= Ti [φ], then Ŝ [φ] is invariant under
δ̂φi= ε
2
ij Tj [φ+ψ[φ℄℄ (2.10)
(B) NONLOCAL REGULARIZATION OF A GAUGE THEORY FOR AN
ARBITRARY GAUGE PARAMETER
We shall rst review briey the results, in Ref. 6, on nonloalization of the
nonabelian gauge theories in the Feynman gauge .We onsider the Feynman
gauge loal eetive ation :
SF =
∫
d
4x [-1
2
∂µAν ∂
µAν-∂µη∂µη℄ + I [A
µ, η, η℄ (2.11)
Ref. 6 outlines the results as to how a loal ation is onverted to a non-loal
ation.Briey put,it is done in the present ontext by rst noting the quadrati
operators ℑij = ∂2δ4(x-y)ηµν for the gauge eld and ∂2δ4(x-y) for the ghost
elds and employing these to onstrut the smeared elds Âµ =exp{−∂2/Λ2} Aµ
;η̂=exp{−∂2/Λ2}η;η̂=exp{−∂2/Λ2}η. In terms of these,and the orresponding
shadow elds Bµ
a
,ψa, ψa;we have the non-loal ation:
ŜF=
∫
d
4x [-12∂µÂν∂
µÂν-∂µη̂∂µη̂ -
1
2B
a
µO
−1
B
aµ
+ ψaO−1ψa℄ + I [Aµ+Bµ, η+
6
ψ, η+ψ℄ (2.12)
The loal ation of (2.11) has a loal BRS symmetry.The non-loal ation
,orrespondingly, has a nonloal BRS symmetry obtained from the result in
Se.2(A). As emphasized in Ref.6, it is found onvenient to ombine this with a
trivial i.e. equation of motion symmetry so that the resultant BRS variation
of η is proportional to ∂.Aa,the eld orresponding to the longitudinal degree
of freedom.This helps in establishing the WT that establishes the deoupling of
the longitudinal degree of freedom.These nonloal BRS transformations are:
δ̂Aaµ= [ ∂µη
a
-g f
abc ε2 (Aµ +Bµ )
b(η+ψ)c℄δζ (2.13a)
δ̂ηa =- ε2 g2f
abcηbηcδζ (2.13b)
δ̂ηa=-∂.Aaδζ (2.13)
As emphasized in I, however, when this proedure of nonloalization as out-
lined in Se 2(A) is applied in the straightforward manner, to the ase of Yang-
Mills theory with an arbitrary gauge parameter ξ , it fails to yield WT identities
that would yield a ξ-independent observables.Moreover,the proedure outlined
above in Ref. [6℄ annot be employed diretly to go beyond 1-loop even for the
Feynman gauge,as the gauge parameter ξ gets renormalized and in eet the
ation in terms of the bare parameters does ontain a gauge parameter 6=1. As
a onsequene, a formulation valid for all ξ, must be employed if one is to go
beyond 1-loop in this ase also.In I, we presented a formulation valid for all ξ
and established the relevant WT identities that would imply ξ-independene
of observables.To illustrate this onsider the Yang-Mills eetive ation for an
arbitrary ξ:
Ŝξ=ŜF+∆Ŝ
where ŜF has been given in (2.12) and
∆Ŝ = (1-1/ξ)
∫
d
4x (∂.Â )2
The smeared eld operators depend only on the quadrati form in ŜF . Hene,
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for an arbitrary ξ, we have Âµ= (ε
−1
F )µνA
ν
=exp{−∂2/Λ2} Aµ and η̂=(ε−1η )η=e
xp{−∂2/Λ2}η;η̂=exp{−∂2/Λ2}η. We note that εF =εη ≡ε here. Further,O =
[
ε2−1
ℑ ℄ is the same for B and for ψ and is independent of ξ. The nonloal BRS
symmetry for the ase of an arbitrary ξ has been obtained in I.It reads , for an
arbitrary ξ,
δ̂Aaµ= [ ∂µη
a
-g f
abc ε2 (Aµ +Bµ )
b(η+ψ)c℄δζ (2.14a)
δ̂ηa =- ε2 g2f
abcηbηcδζ (2.14b)
δ̂ηa=-1
ξ
∂.Aaδζ (2.14)
In I,we have disussed the WT identities arising from this symmetry and
have seen that it leads to a result that would imply the ξ-independene of those
S-matrix related physial quantities that exist.
3 NONLOCAL REGULARIZATION OF A SPONTANEOUSLY
BROKEN ABELIAN MODEL WITH CHIRAL FERMIONS
In this work,we shall study an aspet of non-loal regularization as related to the
spontaneously broken gauge theories. In order to do so,we shall rst introdue
in this setion a simple model - an abelian Higgs Model with Chiral ouplings.It
is perhaps worthwhile to elaborate and to iterate the ontext in whih we found
it essential to study this model.In the work of Ref. [6℄,a proedure for nonlo-
alization of nonabelian gauge theories and preservation of the BRS symmetry
in a nonloal form was presented for the Feynman gauge. Subsequently, in I,
we studied nonloal regularization of pure nonabelian unbroken gauge theories
with an arbitrary gauge parameter ξ . For an arbitrary ξ, we established the
neessity of a modied treatment for onstruting the nonloal Lagrangian as
ompared to that given in [6℄ for the Feynman gauge. We ,then, gave a way
of regularize the nonabelian gauge theory for an arbitrary ξ and established
the WT-identities that would imply the ξ-independene of the observables for
8
this theory. In view of the fat that the alulation of an observable in the
SM generally involves a spontaneously broken gauge theory ,the extension of an
analogous treatment to the ase of spontaneously broken ase is of value.In this
work,therefore, we wish to study , for an arbitrary ξ, the nonloal regularization
in a spontaneously broken model. Apart from its relevane as mentioned above,
we nd we have a few other motivations. In setion IV, we shall perform the
alulation of a simple 1-loop observable: the analogue of the g-2 for the muon
in the model with arbitrary ξ expliitly and nd a ξ-dependent result. An anal-
ogous alulation was done earlier by G. Saini and one of us [10 ℄ in the ontext
of an atual SM alulation[11℄ and we had found a ξ-dependent result.The
above model is studied here to expliitly bring out this in a simpler model with
essentially those features that lead to this: viz. spontaneously broken model
with hiral ouplings. With this motivation in mind,we study the appliation of
the modied way of nonloal regularization proposed and formulated in unbro-
ken pure Yang-Mills theories to the spontaneously broken theory in I and study
the WT-identities in the theory and the ξ-independene of the resulting Green's
funtions. Therefore, in this setion,we shall introdue an abelian Higgs model
with gauge elds oupling to vetor and the axial vetor urrents.As mentioned
earlier, this simpler model inorporates in it several essential features of the
standard model suh as oupling of gauge elds to hiral fermions and a spon-
taneously broken nature of the model. Both these features are essential in the
example that we shall disuss in the next setion.
Consider the Lagrangian for the model with a loal U(1)XU(1) symmetry
,having a omplex salar ϕ ,a fermion ψ and two U(1) gauge elds A and B ,
oupling respetively to vetor and the axial vetor urrents and the quantum
9
numbers for the elds as indiated below:
1
UV (1) UA(1)
ϕ 0 2
ψL 1 1
ψR 1 -1
Table 1:Quantum Numbers
Linv= (Dµϕ)
†
(D
µϕ)- µ2ϕ†ϕ-λ(ϕ†ϕ)2-1/4 FµνFµν-1/4 GµνGµν+ ψL(i∂/ +gB/ -
eA/ )ψL+ψR(i∂/-gB/ -eA/ )ψR + f(ψLψRϕ+ψRψLϕ*) (3.1)
where,
ϕ =ϕ1+iϕ2√
2
; ϕ1, and ϕ2 real.
Dµ =∂µ-2igBµ
Fµυ=∂µAν−∂νAµ
Gµυ=∂µBν−∂νBµ ; (3.2)
the (mass)
2
parameter= µ2 < 0 and ϕ develops a vauum expetation value
given by:
<ϕ†ϕ>= -µ2/2λ≡v22 > 0 . (3.3)
Further, the gauge-xing Lagrangian in the Rξ-gauges is given by
2
Lgf=-1/2 (∂.A)
2
-
1
2ξ (∂.B + ξMϕ2)
2
, M≡2gv (3.4)
Thus,we an now re-express the net Lagrangian in terms of the shifted elds:
ϕ′1=ϕ1-v, and ϕ2'=ϕ2 as L=L0+LI ,with:
L0=
1
2
[(∂µϕ
′
1)
2
+ 2µ2ϕ1'
2
℄ +1
2
[(∂µϕ
′
2)
2
-M
2ξϕ2'
2
℄ -
1
4
(∂µBν−∂µBν)(∂µBν -∂νBµ)
+
1
2M
2
BµB
µ
-
1
2ξ (∂.B)
2
-
1
2∂µAν∂
µ
A
ν
+ψ(i∂/-m)ψ (3.5a)
LI = ψL(gB/ -eA/ )ψL+ψR(-gB/ -eA/ )ψR-
m
v
ψLψR(ϕ
′
1+iϕ
′
2)-
m
v
ψR ψL(ϕ
′
1-iϕ
′
2)
+2gB
µ
(ϕ′2∂µϕ
′
1−ϕ′1∂µϕ′2)+ 2 g2BµBµ ( ϕ′21 +ϕ′22 ) -λ4 ( ϕ′21+ϕ′22 )2 + 4 g2vBµBµϕ′1-
λvϕ′1( ϕ
′2
1 +ϕ
′2
2 ) ; (3.5b)
1
The model below has the hiral anomaly.It an be removed by adding another fermion Ψ with eletri
harge ±1 and opposite axial harge. Introdution of Ψ does not alter the one-loop alulation of (g-2) for ψ
presented in the next setion. Hene, to this order we ignore the question of the anomaly .
2
We keep the gauge parameter assoiated the unbroken U(1) eld equal to 1.
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here m=-fv/
√
2 stands for the fermion mass.
We now assume
3
that the proedure for nonloalizing the above loal La-
grangian is as elaborated in Se. 2(A).To this end, we reall the quadrati
strutures in L0 and introdue the shadow elds for eah of the elds in L as
indiated in the following table:
elds ϕ′1 ϕ
′
2 ψ A B
shadow elds ρ1 ρ2 ς H D
Table 2
eld propagator
ϕ′1 -i
∫∞
1
dτ
Λ2
exp {
τ
Λ2
(k
2
+2µ2)}
ϕ′2 -i
∫∞
1
dτ
Λ2exp {
τ
Λ2 (k
2
-M
2ξ)}
ψ -i
∫∞
1
dτ
Λ2exp {
τ
Λ2 (k
2
-m
2
)} (k/ +m)
A i
∫∞
1
dτ
Λ2exp {
τ
Λ2k
2
} ηµν
B i
∫∞
1
dτ
Λ2
exp {
τ
Λ2
(k
2
-M2)}[ηµν-
kµkν
k2
{1− exp(- τ
Λ2
k
2
(1-
1
ξ
))}℄;
Table 3
shadow eld propagator
ρ1 -i
∫ 1
0
dτ
Λ2exp {
τ
Λ2 (k
2
+2µ2)};
ρ2 -i
∫ 1
0
dτ
Λ2exp {
τ
Λ2 (k
2
-M
2ξ)};
ς -i
∫ 1
0
dτ
Λ2exp {
τ
Λ2 (k
2
-m
2
)} (k/ +m)
H i
∫ 1
0
dτ
Λ2exp {
τ
Λ2k
2
}ηµν;
D i
∫ 1
0
dτ
Λ2exp {
τ
Λ2(k
2
-M2)}[ηµν-
kµkν
k2 {1− exp(- τΛ2k2(1-1ξ ))}℄
Table 4
4 A CALCULATION TO TEST ξ-INDEPENDENCE
In this setion,we shall present a alulation to test the ξ-dependene of a phys-
3
In the ase of spontaneously broken gauge theories,there are potentially two ways of nonloalising. The
one is as shown here in this work. The other is to start from the model in an unbroken form, nonloalize the
model and then break symmetry.In the latter ase,we annot ,of ourse, add the gauge xing in the Rξ-form
in the unbroken ation. However, the entire proedure in the latter ase turns out to be very umbersome.
11
ial quantity.The quantity we onsider is the analogue, in the ontext of the
present model,of the (g-2) of a muon in the standard model.The alulation
proeeds very muh along the lines of the referene [11℄ ,where the (g-2) of the
muon was alulated in the non-loal Standard model.The essential points to
note in this 1-loop alulation are :
(a) The quantity we are alulating is nite both in the loal and the nonloal
theories;hene so is the dierene. This dierene is of order O[
m2
Λ2
℄ as ompared
to the loal result for (g-2).
(b) The dierene between the loal and the nonloal results is given by the
various 1-loop diagrams having a shadow loop; and the total of these as seen
above are nite in value;
() As a result, the onlusion of the alulation we are to perform below, is
independent of a renormalization proedure;
(d) The loal ontribution is known to be ξ-independent; so that the ξ-
independene, or the lak of it, is determined by the nite 1-loop shadow dia-
grams.
We enumerate these diagrams involved .These are shown in Fig.1 and orre-
spond to the exhanges of H,D , ρ1,ρ2.Noting that verties are ξ-independent, a
glane at the Table 4 in Setion 3 will show that the ξ-dependene of the result
an possibly ome only from the D and the ρ2-exhange.These are the diagrams
of Fig.1(b) and 1(d).
In evaluating the ξ-dependene to the leading order, the following observation
about a loop integral omes handy: Consider an integral of the form
1
Λ4
∫ d4l
(2π)4exp {α( ξ)l
2
/Λ2 + β(ξ) m2/Λ2} (4.1)
We an evaluate the above integral by expanding exp{β(ξ) m2/Λ2} in powers
of β(ξ) m2/Λ2 sine eah term is a nite integral.Then, we have
1
Λ4
∫ d4l
(2π)4
exp {α( ξ)l2/Λ2 + β(ξ) m2/Λ2} = A
α(ξ)2
+ terms of higher order in
12
1/Λ2. (4.2)
Thus, as far as the leading terms arising from (4.1) are onerned, the ontri-
bution to the ξ-dependene from β(ξ) m2/Λ2 an be ignored; and to the leading
order, the ξ-dependene of (4.1 ) is determined by α( ξ).
With this in mind, we turn our attention to the diagrams 1(b) and 1(d).We
reall the propagator of ρ2 in 1(d) from the Table 4. We shall rst show that
the diagram of Fig.1(d) does not have ξ-dependent term on the leading order [
O (m
2
/Λ2) ℄.To see this, we write out the expression for the diagram using the
propagators from Table 4:
i∆Γ(1)α=
∫ d4l
(2π)4 [-i
∫ 1
0
dτ3
Λ2 exp {
τ3
Λ2 ((p-l)
2
-M
2ξ)}℄u(q)mv γ5
•[−i∫ 1
0
∫ dτ1
Λ2 exp {
τ1
Λ2 ((l− p+ q)2-m2)}(l/− p/+ q/+m)℄(-ieγα)[-i
∫ 1
0
dτ2
Λ2 exp {
τ2
Λ2 (l
2
-
m
2
)} (l/+m)℄mv γ5u(p) (4.3)
We now let l>l + τ1+τ3τ p-
τ1
τ q; with τ = τ1+τ2+τ3.This gives
i∆Γ(1)
α
(p,q) =e[mv ]
2 ∫ d4l
(2π)4
∫ 1
0
dτ1
Λ2
∫ 1
0
dτ2
Λ2
∫ 1
0
dτ3
Λ2 u(q)γ5(l/ -
τ2
τ p/ +
τ3+τ2
τ q/+m) γα(l/+
τ1+τ2
τ p/-
τ1
τ
q/+m)γ5u(p) exp {
τ
Λ2
l
2
-2
τ1τ2
τΛ2
p.q- 1
Λ2
[τ3M
2ξ+
τ
1
2
+
τ22
τ
m2)} (4.4)
We now reall the remark made below (4.2). The above expression, as result
of this remark ,does not have a ξ-dependent ontribution to (g-2) to the leading
order [ O (m
2
/Λ2) ℄.
We now turn our attention to the diagram 1(b).The expression for this
shadow diagram is
∆Γ(2)α =
∫ d4l
(2π)4u(q)(-igγ
µγ5)[i
∫ 1
0
dτ1
Λ2 exp {
τ1
Λ2 (l
2
-M2)}[ηµν-
lµlν
l2 {1 − exp(- τ1Λ2 l2(1-
1
ξ
))}℄
•[-i∫ 1
0
dτ2
Λ2 exp {
τ2
Λ2 ((l−q)2-m2)}(-l/+q/+m)℄(-ieγα)[-i
∫ 1
0
dτ3
Λ2 exp {
τ3
Λ2 ((p-l)
2
-m
2
)}
(p/-l/+m)℄(-igγνγ5)u(p) (4.5)
For reasons mentioned in paragraph below eq.(4.2) , it is easily seen that the
ηµν term in the D-propagator annot ontribute to the ξ-dependene of the (g-
2) in the leading order.Thus we need to onsider the ontribution of the lµlν/l
2
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term only. These terms ontribute essentially due to the hiral nature of verties
and give a ontribution proportional to m
2
.The result for terms that ontribute
to (g-2) reads:
∆Γ(2)µ =
e
2m
g2
2π2
m2
Λ2 u(q) σµνu(p) (p-q)
ν∫ 1
0
dτ 1
∫ 1
0
dτ2
∫ 1
0
dτ 3
•[ ξ-independent terms from the ηµν- term + τ23[τ+τ1(1−1/ξ)]3 - τ3τ24[τ+τ1(1−1/ξ)]4 ℄+[
O (m
2
/Λ2)2 ℄.
A diret evaluation of the above integral shows that it is ξ-dependent.
We thus note the presene of ξ-dependent terms of O[m
2
Λ2 ℄ whih are the only
ξ-dependent terms ontributing to (g-2).
We summarize the result of this setion. We onsidered an abelian Higgs
model with axial and vetor ouplings. We then wrote down the spontaneously
broken Rξ-gauge loal ation and nonloalized the ation using the reipe of the
referene 6 for an arbitrary ξ.We then onsidered a physially measurable quan-
tity viz. (g-2) of the fermion to hek the ξ-dependene of the result.We note
that the alulation of this quantity in 1-loop does not depend on renormaliza-
tions that need to be arried out.We noted that the nonloal ontribution was
nite and given by the negative of the relevant shadow diagrams. We isolated
the diagrams that ould be ξ-dependent.We then showed that the ρ2-exhange
diagram does not lead to a ξ-dependene in the leading order ontribution to
(g-2). We evaluated the ontribution to (g-2) from the diagram with the D-
exhange and it turned out to have ξ-dependene in order O[m
2
Λ2 ℄.
Keeping in mind that the mass here has arisen due to spontaneous symmetry
breakdown, we see that the above demonstration of gauge-dependene has been
dependent on the two features of a spontaneously broken model and of having
the axial ouplings: both of whih are present in the standard model . In fat
a alulation along the lines of referene 11, gives a ξ-dependent result for (g-
2) of the muon in the standard model [10℄ if the above proedure is used for
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nonloalization there.
5 NONLOCAL REGULARIZATION FORANARBITRARY ξ AND
THE WT-IDENTITIES
As shown in the previous setion, the general proedure of nonloalization,when
applied to the spontaneously broken loal ation in Rξ-gauges for the model
onsidered there, leads to a ξ-dependent physial observable . In I , we had
formulated an alternate proedure for nonloalization of the nonabelian gauge
theories and established a WT-identity that would imply the ξ-independene of
the physial observables. We wish to arry out an analogous exerise here for
the model presented in setion 3. [We note that sine this is a spontaneously
broken model,a larger lass of S-matrix elements themselves (rather than ross-
setions with an energy ut-o) exist.℄We shall write down the WT identities
for the model and obtain
∂W
∂ξ |ξ=1.Then, in the next setion,we shall disuss the
gauge-independene of the S-matrix using these results.
LBRS =Linv+Lgf +Lgh
=(Dµϕ)
†
(D
µϕ)- µ2ϕ†ϕ-λ(ϕ†ϕ)2-12∂µAν∂
µ
A
ν
-1/4 GµνG
µν
+ ψL(i∂/ +gB/ -eA/ )ψL
+ψR(i∂/-gB/ -eA/ )ψR +
√
2m
v (ψLψRϕ+ψRψLϕ*) -
1
2(∂.B + ξMϕ2')
2
+ ∂µη ∂µη-
2Mg ϕ1ηη (5.1)
has the following BRS symmetry [arising from the UA(1) loal symmetry℄ in
the Feynman gauge ξ=1:
δϕ1=2ηϕ2δζ; δη=0 ; δBµ=-
1
g∂µηδζ
δϕ
2
=-2ηϕ1δζ ; δη =-
1
g(∂.B + Mϕ2)δζ; δAµ=0
δψ= -iηγ5ψδζ (5.2)
The nonloal Feynman gauge ation is obtained by using the quadrati forms
in (5.1) and following the proedure as in Se 2. It reads,
ŜF =
∫
d
4x{12ϕ̂
′
1(-∂
2 + 2µ2)ϕ̂′1+
1
2ϕ̂
′
2(-∂
2 −M2) ϕ̂′2+12B̂µ(∂2 +M2)B̂µ+ 12 Âµ
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∂2Âµ
+ψ̂i∂/ψ̂-mψ̂ψ̂- η̂∂2η̂-2Mgvη̂η̂}-
∫
d
4x{12ρ1O
−1
ϕ′1
ρ1+
1
2ρ2O
−1
ϕ′2
ρ2
+
1
2D
µ
O
−1
BDµ+
1
2H
µ
O
−1
AHµ+ζO
−1
ψζ-cO
−1
η} + I , (5.3)
where the interation term I is
I=
∫
d
4x {-2Mg(ϕ
1
'+ρ1)(η + c )(η + c ) + 2g(B +D)
µ[(ϕ
2
'+ρ2)∂µ(ϕ1'+ρ1)-
(ϕ
1
'+ρ1)∂µ(ϕ2'+ρ2)℄
+2g
2
(B +D)
2
[(ϕ
2
'+ρ2)
2+(ϕ
1
'+ρ1)
2
℄-
λ
4 [(ϕ2'+ρ2)
2+(ϕ
1
'+ρ1)
2
℄
2
+4g
2
v(B +D)
2(ϕ
1
'+ρ1)-λv(ϕ1'+ρ1)[(ϕ2'+ρ2)
2+(ϕ
1
'+ρ1)
2
℄
+(ψL+ζL)[g(B/ +D/ )-e(A/ +H/ )℄ (ψL+ζL)+(ψR+ζR)[-g(B/+D/ )-e(A/ +H/ )℄(ψR+ζR)
-
m
v
(ψL + ζL)[ϕ1'+ρ1+iϕ2'+iρ2℄(ψR+ζR)
-
m
v (ψR + ζR)[ϕ1'+ρ1−iϕ2'-iρ2℄(ψL+ζL) (5.4)
The nonloalized symmetries of the nonloal ation in the Feynman gauge
then are
δ̂ϕ′1=2ε
2
ϕ′1
(ϕ
2
'+ρ2)(η + c )δζ;
δ̂ϕ′2=-2ε
2
ϕ′2
(ϕ
1
'+ρ1+v)(η + c )δζ;
δ̂η=0;
δ̂η= - 1gε
2
η[∂.(B +D)+ M(ϕ2'+ρ2)℄δζ;
δ̂Bµ=-
1
gε
2
Bµν∂
ν(η + c)δζ;
δ̂Aµ=0, (5.5a)
In addition, we shall nd it onvenient to employ the trivial symmetry as in
Ref. [6℄ .When it is added to those in (5.5a), the net symmetry transformations
read:
δ̂ϕ′1=2ε
2
ϕ′1
(ϕ
2
'+ρ2)(η + c )δζ;
δ̂ϕ′2={-2ε
2
ϕ′2
(ϕ
1
'+ρ1)(η + c )− 2vη}δζ;
δ̂η=0;
δ̂η= - 1g [∂.B+ Mϕ2'℄δζ;
δ̂Bµ=-
1
g∂µηδζ;
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δ̂Aµ=0, (5.5b)
We note the essential similarity with the nonloal Y-M theory:The linear
parts of the net transformation are same as the loal ase, while the quadrati
parts of the net transformation are unmodied by the trivial transformation.We
note that the measure for the nonloal theory will be determined with respet
to these non-loal transformations of (5.5b).
In an arbitrary gauge ξ, we follow the proedure of I [see also ref.7℄ , and
smear the elds with the quadrati forms of the Feynman gauge ation of (
5.1).The nonloalized ation then reads
Ŝξ=ŜF+∆Ŝ
∆Ŝ =
∫
d
4x{- 12ξ(∂.B̂ + ξMϕ̂
′
2)
2
+
1
2(∂.B̂ + Mϕ̂
′
2)
2
+ 2(1-ξ)gMv
∫
d
4xη̂η̂
+2(1-ξ)gM
∫
d
4x(ϕ
1
'+ρ1)(η + c )(η + c )} (5.6)
We shall now establish the WT-identities for this ation and disuss the ξ-
independene of the physial observables in it. In order to do this , we shall
onsider the generating funtional
W[soures℄ =
∫
[Dϕ℄exp { iŜξ + [soure terms℄} (5.7)
where
[Dϕ℄= [Dϕ′1℄[Dϕ
′
2℄[Dψ℄[Dψ℄[Dη℄[Dη℄[DAµ℄[DBµ℄ (5.7a)
and the soure terms are
[soure terms℄=i
∫
d
4x [JµBµ+K
µ
Aµ+χ
1ϕ′1+χ
2ϕ′2+λψ+ψλ+θη+ηθ℄ (5.7b)
We then have for the gauge variation of W with respet to the bare gauge
parameter ξ keeping other bare parameters xed 4,
-i
∂W
∂ξ
=
∫
[Dϕ℄exp { iŜξ + [soure terms℄}
∂∆Ŝξ
∂ξ
=
∫
[Dϕ℄exp { iŜξ + [soure terms℄}{
1
2ξ2
∫
d
4x{(∂.B̂)2-ξ2M2ϕ̂′22)-2Mgv
∫
d
4xη̂η̂
-2gM
∫
d
4x(ϕ
1
'+ρ1)(η + c )(η + c ) } (5.8)
We shall onne ourselves to the gauge variation around ξ=1:
4
We shall aount for the variation of these bare parameters with ξ later in se.6
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∂W
∂ξ |ξ=1=i
∫
[Dϕ℄exp { iŜξ + [soure terms℄}{
1
2
∫
d
4x{(∂.B̂)2-M2ϕ̂′22)-2Mgv
∫
d
4xη̂η̂
-2gM
∫
d
4x(ϕ
1
'+ρ1)(η + c )(η + c )} (5.9)
=1/2
∫
d
4x ∂µε
−1
B
δ
δJµ(x)
∫
[Dϕ℄exp { iŜF + [soure terms℄}ε
−1
B ∂.B(x)
-
M2
2
∫
d
4x ε−12
δ
δχ2(x)
∫
[Dϕ℄exp { iŜF + [soure terms℄}ε
−1
2 ϕ
′
2(x)
-2iMgv
∫
[Dϕ℄exp { iŜξ + [soure terms℄}
∫
d
4x{η̂η̂+1v(ϕ1'+ρ1)(η + c )(η + c
)} (5.9a)
To simplify this further we use the WT identity
5
at ξ=1:
0 =
∫
[Dϕ℄exp { iŜξ + [soure terms℄}{
∫
d
4x [ Jµδ̂Bµ+K
µδ̂Aµ+λδ̂ψ+δ̂ψλ+χ
1δ̂ϕ′1+
χ2δ̂ϕ′2 + θδ̂η + δ̂ηθ℄|ξ=1 (5.10)
To simplify the algebra, we shall set λ=λ=0; as these terms do not play a
nontrivial part in the algebrai manipulations below.At the end, we shall put
bak the net ontribution of these terms.This gives
0 = <<
∫
d
4x [- Jµ∂µη+2gχ
1ε2ϕ′1[(ϕ2'+ρ2)(η + c )℄-2gχ
2
{ε2ϕ′2[(ϕ1'+ρ1)(η + c
)] + vη}+ θ[∂.B+ Mϕ
2
'℄ >> (5.11)
where << O >> stands for
∫
[Dϕ℄O exp { iŜξ + [soure terms℄}.Dierentiating
with respet to θ(y) and setting θ = 0, we obtain the WT identity useful for
our purpose:
0 = <<-i[∂.B+ Mϕ
2
'℄(y)
+
∫
d
4x[- Jµ∂µη+2gχ
1ε2ϕ′1[(ϕ2'+ρ2)(η + c )℄-2gχ
2
{ε2ϕ′2[(ϕ1'+ρ1)(η + c
)+ vη}℄η(y)>> . (5.12)
We now operate on this by (-i/2) ∂yµ
δ
δJµ(y)
ε−2η (y).
We nd [ note:ε−2B =ε
−2
η ℄
0 = <<-
i
2∂.B(y)ε
−2
B [∂.B+Mϕ2'℄(y) +
1
2
∫
d
4x[-Jµ∂µη + [2g χ
1ε2ϕ′1(ϕ2'+ρ2)(η+c
)-2gχ2{ε2ϕ′2[(ϕ1'+ρ1)(η+ c )+ vη}℄ ∂.B(y)ε
−2
η η(y) +
i
2
∂2ηε−2η η(y)>> (5.13)
Now operating by [
Mi
2
δ
δχ2
ε−2η ℄(y) on (5.12),we obtain,
5
As remarked earlier, our model has a hiral anomaly.It an be removed by adding an additional fermion
Ψ of appropriate quantum numbers stated in se.3 .Then the WT below will ontain additional terms that
have to be arried forward .They do not however alter the disussion of gauge-independene to one loop
qualitatively.
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0=<<
iM
2 ϕ2'ε
−2
B [∂.B(y) +Mϕ2'(y)℄+ iMgε
−2
η η(y){ε
2
ϕ′2
[(ϕ
1
'+ρ1)(η+c )(y)℄+vη
) +
M
2
ϕ
2
'ε−2η η(y)
∫
d
4x[-Jµ∂µη + 2gχ
1ε2ϕ′1(ϕ2'+ρ2)(η+c )-2gχ
2
{ε2ϕ′2[(ϕ1'+ρ1)(η+c
)℄+ vη}℄ >> .. (5.14)
We now add (5.13) and (5.14) and integrate over d
4
y to obtain
6
,
0=<<{-
i
2
∫
d
4
y{(∂.B̂)2-M2ϕ̂′22)(y)-
i
2 η̂∂
2η̂+ i2M
2η̂η̂
+igMε−2η η(y)ε
2
ϕ′2
[(ϕ
1
'+ρ1)(η + c )℄ -
1
2ε
−2
η η(y)[∂.B(y)-Mϕ2'℄(y)
∫
d
4x[-Jµ∂µη +
2gχ1ε2ϕ′1(ϕ2'+ρ2)(η + c )
-2gχ2{ε2ϕ′2[(ϕ1'+ρ1)(η + c )℄+ vη}℄}>> . (5.15)
We substitute (5.15) in (5.9) to obtain,
∂W
∂ξ |ξ=1=<<{ -12
∫
d
4
y ε−2η η(y)[∂.B(y)-Mϕ2'℄(y)
∫
d
4x[-Jµ∂µη + 2gχ
1ε2ϕ′1(ϕ2'+ρ2)(η+
c )-2gχ2{ε2ϕ′2[(ϕ1'+ρ1)(η + c )℄+ vη}℄+ ghost terms>> (5.16)
where the net ghost terms are
∫
d
4
y{-
i
2
η̂∂2η̂+ i
2
M
2η̂η̂ +igMε−2η η(y) ε
2
ϕ′2
[(ϕ
1
'+ρ1)(η + c )℄
-2igM[vη̂η̂ +(ϕ
1
'+ρ1)(η + c )(η + c )(y)℄ } (5.17)
These an be simplied using integration by parts in the third term [ε2η=ε
2
ϕ′2
℄.We
get
7
,
i
2η
δŜF
δη - igM c (ϕ1'+ρ1)(η + c ) (5.18)
We shall now put bak the fermion soure terms that we had dropped earlier
in the intermediate algebra for our onveniene.We thus arrive at the total and
simplied expression
8
for
∂W
∂ξ
|
ξ=1
:
∂W
∂ξ |ξ=1 =<<{ -12
∫
d
4
y ε−2η η(y)[∂.B(y)-Mϕ2'℄(y)
•∫d4x[-Jµ∂µη + 2gχ1ε2ϕ′1(ϕ2'+ρ2)(η+ c )-2gχ2{ε2ϕ′2[(ϕ1'+ρ1)(η+ c )℄+ vη} +
igλε2ψ γ5(ψ+ζ)(η+c )+ igε
2
ψ(ψ+ ζ)(η+c ) γ5λ ℄+
i
2η
δŜF
δη - igM c (ϕ1'+ρ1)(η+c
)>> (5.19)
We shall utilize the above equation while disussing the ξ-independene of
6
We reall
∫
a ε−2b =
∫
b ε−2a =
∫
ε−1b ε−1a et as easily seen in momentum representation.
7
We reall that while dierentiating the net ation,we need not dierentiate shadow elds in it as suh
terms vanish .
8
Reall the footnote earlier about the hiral anomaly.
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the S-matrix.
6 GAUGE INDEPENDENCE OF THE S-MATRIX ELEMENTS
In setion 5 ,we have presented a modied way of onstruting nonloal eld
theory for an arbitrary ξ, for the spontaneously broken model, by analogy with
our work in I. We expet from our results in I, that unlike the usual sheme
of Ref.6, the S-matrix elements with this modied regularization are now ξ-
independent.In the last setion, we formulated the WT identity for the model
and obtained an expression for
∂W
∂ξ |ξ=1 in a simplied form.We shall now use it
to verify the gauge-independene in a limited sense: in one-loop approximation
and around ξ=19. We shall nd it neessary to onstrut a way to deal with
the extra ghost term in (5.19), that, as we shall see, is spei to the nonloal
theories. We shall do this in one-loop approximation.
To this end, we shall rst make a number of observations:
(a) We have evaluated
∂W
∂ξ
keeping the bare quantities [bare soures,bare
masses and ouplings℄ xed. To show gauge-independene, we need to rst
evaluate
∂W
∂ξ |R i.e. the derivative with renormalized parameters and soures
held xed. Denoting by S
R
and p
R
the renormalized soures and parameters
[masses and ouplings℄, and by S
UR
and p
UR
, the unrenormalized ones,we an
write:
∂W
∂ξ |R = ∂W∂ξ |UR +
∑∂SUR
∂ξ |R δWδSUR +
∑∂pUR
∂ξ |R δWδpUR (6.1)
To show gauge independene, we have to show that the ontribution to an
S-matrix element from
∂W
∂ξ |UR is aneled by the last two terms.We verify this
at ξ=1. For this purpose, we make several observations on (5.19).
(i) We an ignore the ∂.J term as it does not ontribute to Green's funtions
with physial polarization vetors [ǫ.p =0℄ attahed.
9
We reall that the possible gauge-dependent part of S-matrix elements is intrinsially at least one loop;
so we an regard within it ξR= ξUR=1 to this order. So we need not distinguish between the two.
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(ii) We an set χ2 =0, as it refers to an unphysial salar.We an also set
soures for the ghost elds to zero for similar reasons.
(iii) We an set <<η δŜFδη >> to zero by the ghost equation of motion.There,
we need to reall that the one-loop measure is independent of η and the Jaobian
term is a onstant independent of soures and does not ontribute to Green's
funtions [See e.g. appendix of Ref. 9℄.
(iv) The soure terms proportional to χ1,λ and λ are of the same kind as
they appear in the disussion of the gauge-independene of the loal theory [12℄;
exept that they have a modied appearane on aount of non-loality.The
treatment of these terms is very similar to that for the loal theory. To sum
up these terms ontribute to (a) the two-point funtions of the respetive elds
and this ontribution is related to the ξ-dependene of the 2-point funtion of
the wave-funtion of the renormalization;(b) to the on-shell physial Green's
funtions in the form of external line insertions only ( barring exeptional
momenta [13℄) () the net ontribution to an S-matrix element is aneled by
the seond term on the right hand side of (6.1) whih has the ξ-dependene of
Z's.
That leaves us with a term of the term:
- 2igM
∫
d
4
y c (ϕ
1
'+ρ1)(η + c ) (6.2)
We note that if the loal limit (Λ→∞) is taken rst, this term would vanish
[ see (6.4) below℄; and thus is a new type of term that arises only in the nonloal
model.We shall show that this term does ontribute to the 2-point funtion of
the salar ϕ
1
', and orresponds to a (nite) ξ-dependene of the bare mass. In
higher point on-shell physial Green's funtion, it ontributes again as ghost
tadpole insertions and is similarly aneled by opposite ontributions from the
last term in (6.1).
By power ounting,the above term is an operator of dimension 3. As we shall
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see, moreover, it an be ast as operator of an eetive dimension 2. To see
this,we reall:
c=[
ε2η−1
ℑη ℄
δP I[φ+ψ]
δη | (6.3)
where δP denotes partial derivative with respet to a φ keeping ψ xed;
and the vertial line implies that the result is to be evaluated at ψ=ψ[φ℄. We
an simplify this as
c = 2 Mg [
ε2η−1
ℑη ℄{(ϕ1'+ρ1)(η + c )} (6.4)
[ as noted earlier,c→0 as Λ→∞℄.Thus, this extra term in (6.2) beomes,
i(2Mg)
2∫
d
4
y [
ε2η−1
ℑη ℄{(ϕ1'+ρ1)(η+c )}(ϕ1'+ρ1)(η+c ) (6.5)
where we note two powers of M before the [nonloal℄ operator.
We note several things about the operator in (6.5).
(i) We need to onsider the Green's funtions only with physial external
lines.Then the ghost elds above must neessarily be ontrated (in a loop).
Then the fator [
ε2η−1
ℑη ℄, in momentum spae, involves an internal momentum,
and thus ounts for (-2) momentum dimensions in suh diagrams.Thus, it be-
haves, for power ounting purposes, an operator of dimension two.
(ii) The only two-point funtion of physial elds,to whih it an ontribute in
one loop is the two-point funtion of ϕ
1
'.The orresponding diagram, is by naive
power ounting, log-divergent. However , in view of the fat that [
ε2η(p)−1
ℑη(p) ℄→ 0
as Λ2→ ∞, it is rendered onvergent, as a diret alulation also onrms.It
leads to a nite ontribution to the ξ-dependene of the mass of ϕ
1
'.
(iii) When we onsider the insertion of this operator in higher point Green's
funtions in one loop approximation,we note that there are two kinds of dia-
grams: one in whih the ghost loop has no additional verties and the other in
whih the ghost loop has additional lines emerging out of it. The seond lass of
diagrams ontain [1-loop℄ 1PI subgraphs with more than 2 external lines.These
subgraphs are onvergent by naive power ounting itself. In these diagrams, the
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limit Λ2→ ∞ an be taken inside.But then as pointed out the diagram on-
tains a fator [
ε2η(p)−1
ℑη(p) ℄ that vanishes as Λ
2→ ∞. Thus , suh proper subgraphs
[and therefore suh one loop diagrams whih have no other divergenes℄ vanish
as Λ2→ ∞ is taken in them. [This has been expliitly veried for the 3-ϕ
1
'
and the 4-ϕ
1
' proper verties℄. Also the diagrams having a ghost tadpole ,a
nite quantity, attahed to a vertex [rather than a line℄, whih an arise when
a shadow eld in the operator is expended, also vanish as Λ2→ ∞. Therefore,
the only diagrams for higher point funtions, in whih this operator insertion
matters are those with a ghost tadpole insertion on any one ϕ
1
' line [internal or
external℄. Suh ontributions to
∂W
∂ξ |UR are aneled by opposite ontributions
to
∑∂pUR
∂ξ |R δWδpUR with the parameter 'p ' referring to the bare mass of ϕ1'. We
further note that in view of the fat that there are no higher point 1PI graphs
surviving as Λ2→ ∞, orrespondingly, there is no ξ-dependene indued by
this term in bare ouplings and
∑∂pUR
∂ξ |R δWδpUR does not have nonvanishing terms
when ' p ' refers to any other parameter.
7 CONCLUSIONS
We nally summarize our results. We onsidered, in this work , the elegant
nonloal formulations of gauge theories of Ref.6 and applied it to a simple
abelian model with spontaneously broken symmetry and in Rξ -gauges. We
applied the proess of onstruting the nonloal theory with a nite Λ starting
from the Rξ -gauge loal Lagrangian. We hose a theory with both the vetor
and axial ouplings, as this mimis the Standard Model and onveys our results
in a simpler ontext. We found by expliit alulation that when the formulation
of nonloalization of Ref.[6℄ was applied to suh a model, it lead to a ξ-dependent
physial observable, the (g-2) for the fermion. [ A similar result had also been
heked [10℄ in the Standard Model earlier℄. We then applied the alternate
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proedure of nonloalization suggested and tested for the unbroken nonabelian
gauge theories [9℄.We formulated the WT identities for this model. As a test
of the modied regularization sheme, we also veried the ξ-independene of
observable S-matrix elements in one loop order in the viinity of the Feynman
gauge.
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